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INTRODUCTION 


Falls of ground cause the greatest number of accidents at underground 
metal mines. Statistics-:compiled by the Federal Bureau of Mines show that 
during a 13-year veriod:ended in 1943, falls of ground caused 435 percent 
of the fatalities and 16.8 percent of the nonfatal injuries at underground 
metal mines in the United States.—’ Expressed on a basis of a million man- 

_ hours worked, the frequency rate was 0,355 for fatalities and 11.76 for non- 
fatal inturios, Although some progrcss has been made in preventing rock-fall 
accidents over a 30- or 40-year vericd, the problem is still a major one rc- 
quiring the diligent efforts of management and employecs. 


In the Lake Superior district, where organized safety programs havc 
been in effect for more than 30 ycars, the record 1s more favorable. Statis- 
tics compiled by the Lako Suporior Mining Section of the National Safety 
Council revoal that over a 6-ycar period ended in 1945 the frequency rate of 
fatalities por million man-hours wes 0.277, and the rate for nonfatal 
injuries was 2.38 from falls of ground. 


Although the ce -givon statistics do not cover equal or nen tont 
periods, the improvemont in accident experience in the Lake Superior dis- 
trict over tho national average, is obvious. This improvement is due to 
more effective ’metheds of ground support or more rigid onf orcement the. 
use of known methods. 


It is hoped that tho following information about ground-support 
practicds in the Lake Superior district will assist: operators | of other mines 
in their. efforts to reduce ecoidents from fells: of ground. 


| SCOPE 


This report describes ground-support eee at 3 of the or active 
underground iron-ore mincs in the Lake Superior district. The 13 mines 
‘supply one-third of the total tonnage produced from underground mines and 
operated by 5 of the major operating companics that produco over &0 per- 
cent of the fron orc from the district. The mines were selected to give 
an average cross scction of companiés, ranges, mining methods, ground 
conditions, and othcr variables, 


ACKNCWLEDGMENTS 


It would have béen imposeible to prefaco this ise without the co- 
operation of tho mining companics through their officials and employees, 
in permitting their proportics to be visited and in furnishing data on their 
operations and practices, — 


The authors acknowledge this cooperation from the following companios: 


‘The Clevcland-Cliffs Tron Coe. 
The M, A. Hanna Co. 
Inland Stcel Co. 


uy, Bureau of Mines, Accidents from Falls of Rock or Ore in otal Mines. 
ok aia iin a Gourse-Section 2% Miners Cire. 52, 19u), 
De ‘te 
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Oglebay,; Norton & Co. 
Oliver Iron Mining Co. 
Pickands, Mather & Co. 


Information from Bureau of Mines publications and other scientific 
articles has been drawn on freely. The references and footnotes will assist 
in obtaining additional details. 


GENERAL INFORMATION 


Iron ore is produced in six major districts, called “ranges”, in the 
Lake Superior region - the Vermilion, Mesabi, and Cuyuna in Minnesota, 
the Gogebic in Michigan Se eeennas and the Menominee seca heats in 
Michigan. 


On the Vermilion range ore occurs in a gently pitching syncline or 
trough, with steeply dipping limbs. The wall rock is generally greenstone. 
The ore varies from a soft sticky mass to a dense, hard material that is 
almost as tough as steel. ‘The ore is mined entirely by underground methods, 
the principal of which are: Top slicing, sublevel caving, and cut-and-fill 
stoping. 7 


On the Mesabi range ore occurs in relatively shallow widespread ore 
bodies, which lend themselves to open-cut mining. On the margins of these 
bodies small lenses extend out, which mst be mined by underground methods. 
Top slicing (or mrely "slicing" where the ore body is one "sub" thick) is 
almost universally employed. The ore is soft; and, although the hanging 
wall mst be supported, the weight is not excessive. 


Ore occurs on the Cuyuna range in a closely folded formation having 
many ore bodies near the surface, which are minod by open-cut methods. The 
ore bodies on the limbs of deepor folds are mined by underground methods - 
top slicing being generally employed. The ore is soft to medium hard, and 
the walls are greenstone or lean ore. 


On the Gogebic range, ore occurs in V-shaped troughs formed by the 
intersection of dykes with a steoply dipping iron formation that is relative 
ly regular in strike and dip. One ore body is shallow enough to permit 
open-cut mining, but the others are relatively deep. The ore is soft to 
medium hard; the hanging wall is generally a cherty or slaty iron formation, 
which breaks into blocks or slabs that create a condition necessary to suc- 
cessful sublevel caving, which is the general practice. | 


The Menominee range is in a highly folded iron formation, and ore oc- 
‘curs on the limbs of major folds or often occupies the entire trough of a 
minor fold. The hanging wall is generally strong enough to permit opon 
stoping where ore bodies are located in steeply pitching beds. An 
interbedded black slate, high in sulfides and quite combustible upon ex- 
posure to air, complicates mining where the slate occurs adjacent to or near 
the ore. 
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range ore bodies’ occur in minor folds of a wide westward- 


pitching synclinorium. The iron formation consists of ferruginous cherts 
and slates intruded by dykes and sills. The hanging wall is usually jasper — 
or ferruginous chert, which is hard but quite friable and when caved breaks 
into medium-size pisces. The predominant stoping method is top slicing, al- 
though some open stoping is practiced where wall conditions permit.» 


A summary of the tonnage produced” by the principal mining methods ist 


given in table l. 


For purposes of the table, the tonnage from producing 


mines was classified according to the principal | mining methods used, and the 
percentages are therefore approximate, <a 


TABLE Li * Percent of ore roduced b various mint 


Annual average 


Production, 1936-45 | Range “ lopen-cut lstopeg?/ | caving 
1,456,000 Vermilion | 0 | it 


y methods 


‘Sublevel! _ 


47, 905, 000. Mesabi | 97. or. 
1,914,000 -iCuyuna. |. 91.5.|. 0. 2 . 
| ies pecmianaat 94.5 | ; ee, 
5,130, 000 |Gogebic 0 0 / 100. 0 100 
3,387,000 | Menominee oO 172! 23 0 100 
i,” 978,000 .—s | Marquette}.. 12. 16 8 | 64 100 
- Total Michigan -Wisconsin ae a: | 7 ES 100 — 


Note: Percentages given in. table are approximate due to classification of 


mines according to principal mining method. 


af Includes sublevel stoping, cut- and-F 4 it SLOpINg » and open stopes with 


pillars, 
2/ Cut-and-fill stoping. 
3/ Principally. sublevel stoping. 


FUNDAMENTALS OF GROUND SUPPORT 


Support of ground involves‘ at least two general aspects: (1) The selec- 
tion of a suitable mining method and its intelligent application to prevent 
major ground movements and cave-ins, and (2) the support of mine openings to 
prevent local caving from the immediate backs. The first type of caving is a 
continuation or extension of the second; thus the important feature of ground 
support is to prevent the start of caving. Loosening of the immediately over- 
lying rocks is prevented, or at’ least retarded, when supports, such as. timbers | 


are placed in time, Obviously, if the stoping method does not afford 
support, the timbering of individual workings will not be effective. 


adequate 
Similar- 


ly, the adoption of a safe stoping method will not solve the problem unless 


attention is given to details of the support of individual workings. 
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The . selection of a suitable mining, method is the responsibility of 
management. Factors to be considered in its selection have been enumerated, 5/ 
‘by the principal consideration, in so far as accidents from falls. of ground 
are concerned, is one of support. The method selected: mst be pa neaee? of. 
supporting the stope opening until the ore is removed. 


: - The bulk of the underground ore in the Lake Superior district is mined 
by two methods: (1) top slicing and (2) sublevel caving. Both methods are 
classified as caving methods, wherein mining is conducted -.under a gob or 
mat of old timber. Successful mining by oither method requires that the 
overlying rocks cave and follow the mining downward. Sublevel caving is 
employed ‘where the. gob will arch, and hangup long enough to permit removal 
_of the ore from the face of the working slice. This same condition would 

be hazardous: in- a. top-slicing operation, because a sudden caving of the 
gob might crush the tinbers. For | sida in. top. eltcing, > the — must 
oie mining closely. | | : ae 

The means by which ground is | eupportod may be dtviasd into two types ; 

eo natural and (2) artificial. 


Natural support depends on the ES of tho ore and’ wall’ rock. and 
their ability to support themselves over certain spans. Pillars are the 
principal means of natural support where the stope opening exceeds the 
safe span over which the ore or rock will stand. puns of the back or 
Bares of openings may ae be employed. - 


Artificial support 3 may ‘bo provided vy filling fe timber, steel, or 
concrete. 


In some instances where the deposit is evenidia by cares pearins sur- 
face material, the permanent support of the surface may be required to -in- 
sure the safety of underground workmen,. A partial list of inrushes of md 
and water, which have occurred in the Lake Superior district since 1893, 
reveals that 161 persons lost their lives when the support of the pillar 
between the deposit and the surface material failed. Such accidents are 
- awe-inspiring and receive wide publicity; however, the frequency and 
severity of these accidents is small compared to accidents oaused by the 
fall of relatively small Pecos of ore or rock. 


'A survey of fatal Cpetiente due to falls of’ eas oveals: that. a 
large majority are caused by. pieces weighing 3 tons or less. . The prevention 
of this type of accident requires the support or removal of loose material 
in the backs and sides of mine openings. This is a day-to-day problem and 
requires not only effective supporting members, but: also close supervision 
to insure that such supports are placed in time. | 


Pillars | 


Three of the mines covered by this report (B, C, and D) utilize pillars 
as @ principal means of ground support. 


5/ Jackson, Chas. F., and Gardner, E. D., Stoping Methods and Costs: Burea 


of Mines Bull. 390, 1936, pp. 26-40, 
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At mine B, on ‘the Marquette range, ‘the ore occurrence is irregular, vary- 
ing from 25 to 150 feet in thickness, and from flat to 60° an dip. The ore 


is dense, hard hematite. The hanging wall may be slate, conglomerate, dyke 
material, jasper, or greenstone, The footwall is jasper, siderite, or green- 
stone. Where the hanging wall is slate, it slacks on exposure to air, caus- 
ing rock falls. The dyke material may also be subject to rock falls. Where 
this condition is known in advance, a — amount of ore is left to protect 
the wall and prevent falls. a 


D pen Stopine is eraerices at wine: B, with an irregular to checkerboard 
arrangement of pillars. The level interval is 30 to .50 feet, and the ore 
is ordinarily stoped underhand, The general procedure of stoping is to 
drive rooms 25 to 50 feet wide, separeted by pillars, usually 25 feet wide. 
When this system of parallel rocms is completed, the horizontal extent of 
the ore body is apparent, and the pillars are cut..into smaller. segments by 
croscuts. The average horizontal cross section of pillars. is 25 by 25 feet. 
Stoping then procecds by mining the ore underhand. Level pillars may or 
may not be left at cach level. ‘Some filling of stopes is ee but the 
primary purpose is to. dispose, of development rock. + .. 


Permanent supers. of ‘the gurface over fans B is imperative becsase the 
mine is beneath a town and a water-boaring overburden. For this reason the 
number and size of pillars left are "on the safe side", It 1s estimated 
that 25 percent of the ore is left in pillars, and most of. this is on the © 
upper levels. Experimental work in pillar recovery, using a microseismic 
recorder to determino the effect on adjacent pillars, is being done. © 


Mines C and D, on the Monomince range, practice sublevel stoping with a 
regular arrangement of pillars. The ore is moderately hard hematite and 
limonite, dipping at relatively steep angles. The wall rock may be a ante 
cherty, fairly hard iron formation or black aaa which tends. to slough off 
on ‘exposure to air. . Ok _ ee 


Ore bodies are divided into stopes and pillars’ after the extent of the 
ore has been fairly well determined. Pillars on consecutive levels are kept 
in line vertically. Floor pillars are usually left at each level, The size 
of stopes varies from 40. to 100 feet wide, 105. to 300 fcet long, and 125 to 
175 feet high. Stopes may bo. laid out either along the strike or perpendicu- 
lar to it, dopending upon the width of the ore. Where the ore body, is wider 
than the desired stopo width, the stopes usually are laid out across the 
strike. In some instances a wide. stope may be divided into two segments by 
a vertical, longitudinal pillar ‘about. 2) feet wide. | | 


The regular pillars left botween stopes vary from 25 to 4O feet in 
width and extend from level to level. Floor pillars are usually 50 fect 
thick. Mine D' has increased tho width of pillars in recent- years from 25 
to 40 feet and decreased the atope length correspondingly to minimize the 
crushing of pillars. This bocame neccessary ere to the depth of mining and 
the large number of mined-out Stopes. - 
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In the original lay-out of stopes, as mch as 50 percent of the ore may 
be left in pillars. Upon completion of the stopes, a considerable portion 
of this ore is usually recovered by removal of the ‘pillars between the mill 
sublevel and the scraping drift. If the condition of the stope walls is 
favorable, an entire pillar between stopes may be removed, or if the stopes 
are filled, the entire pillar can be removed by top slicing, mend, greatly 
increasing the total recovery. 


Figure 1,A, shows a typical sublevel stopo at ade D; end figure 1,3, 
shows a typical plan and longitudinal section of the stope arrangement at 
mine C, In each instance a thin scale of ore has been left to protect a 
black slate wall, which will slough off and fire spontaneously if unsupported. 


ee 


The practice of filling stopes is used only to a Limited Seen. in the 
Lake Superior district. 


At mine A the ore is avery hard, dense hematite. On both walls a 5- 
to 6-foot "softened zone" of chierite. or sericite schist occurs adjacent to 
the ore, Cut-and-fill stoping is practiced to support the walls and prevent 
dilution of the ore. Once the ore is removed from the stope, the filling no 
longer serves any useful purpose, and it may be drawn out to fill stopes 
below. The ore is stoped in 12-foot horizontal cuts, and filling is 
introduced to within 7 feet of the back of the stope. Fill raises to the 
level above are in the footwall at 200-foot intervals. Filling material is 
either trammed to the raises on the level above or tapped from filled stopes 
directly above. It is spread in the stope by 48-inch scrapers. 


Mine D, on the Menominee range, has been producing ore since 1893 by 
a sublevel stoping method. In recent years crushing of pillars and caving of 
stope walls, due bg the large area excavated, made filling of mined-out 
stopes advisable.—/ Another condition that made filling necessary is the 
occurrence in the walls of black slate, rich in sulphides, which ignite 
spontaneously upon exposure to air. 


Stope-filling material, consisting of sand, clay, gravel, and hard pan, 
is secured from surface glacial drift mterial, It is i apace power shovel 
and hauled in trucks to fill raises or churn-drill holeal connecting with | 
mine openings below. As filling material is received on a level, it is 
either allowed to run directly into open stopes, of is scraped to the top of 
stopes to be filled. As new stopes below require filling, an opening is 
made into the filled stopé above, and the material is passed through. It is 
then necessary to refill the uppermost stope. 


6/.Koehler, G. A., Sublevel Stoping with Delayed Filling, Hiawatha Mine, 
Iron River, Mich.: Am, Inst. Min, and Met. Eng., Mining Practice, 1945, 
pp. 253-261. 

7/ Johnson, Ernest W., and Cash, Frank E., Sinking Large-Diameter Drill 
Holes, Lake Superior District Underground Mines: Bureau of Mines Inf. 
Circ. 7354, 1946, 21 pp. 
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Bef ore filling is introduced into stopes, practically all openings 
into the stope are sealed with steel and concrete or timber bulkheads. This 
is of Turther PSS TEHEDES _ Een ee: off the air and ee black-slate 
fires. 


sf’ penet its of - Ps ane as as at- mine D have been given. 
ass | | 


1. Filling stopes minimizes the crushing effect .on pees 
ec. it stops the oaeine of black slate anae the ‘gucouperg ine fire hazard. 
se Filled stopes allow further mining’ in‘ the pillors themselves. 


4, The quantity of foul air in the miné is‘reduced, and the ventila- 
tion systems are more easily ea i A 


Timber 


Timber is the material most frequently used as artificial support for 
mine workings. It has relatively great strength, comparing favorable with 
steel on a wcight-for-weight basis. It is easily cut and framed into the 
gesined shapes and sizes and can be trimmed to fit with hand tools if neces- 
sary. Unlike steel, which fails quickly onté initial def ormat ion has taken 
place, timber fails gradually under pressures ‘ exceeding its strength. The 
splitting and cracking of vee under a heavy load serve as a warning or 
approaching failure. 


The kind of wood used for mine timbering 18 selected on a’ basis of 
cost, strength, and resistance to decay, Ordinarily the most durable and -.. 
strongest variety grown locally is Selected. Thus, mines in Michigan use 
a large proportion of hardwoods because of the relatively large supply grown 
there. On'the other hand, Minnesota mines utilize mostly softwoods because 
of the more abundant supply of that variety. 


Strength 


The actual strength of timber used in mines is of comparative value 
only, becauso the loads on mine supports cannot be calculated with any degree 
of accuracy. Thus the size and number of supports in mines are best 
determined by past experience. However, a comparison of the strength of 
various woods may be useful, and--table 2 lists the varieties most commonly 
used in the Lake Superior district. It should be remembered that the 
strength of wood varies so Widely within a species that the relative strength 
of timber may be largely a matter of grade. The’ values listed in the table 
are based on tests of small, clear specimens. 


In general, tamarack is the most desirable of the softwoods; Norway pine 
has about the same strength as tamarack, but not the resistance to decay. 


87 Work cited in footnote 6. —— | 
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All the hardwoods listed, except black ash, are stronger than the softwoods. 
Yellow birch and sugar maple constitute a large majority of the hardwoods 
used in the Michigan mines. "4 


TABLE 2. - Comparative strength values of species used for mining tinbers2! 


e- 


Comparative strength values¢e 
Bending {|Compressive Shock resistance 


Name | strength ! strength (ability to with- 
OmMmon Botanica as a cap)| (as a post stand sudden load) 
Hardwoods = | 
Ash, black..... |Fraxinus nigra,,.,, TT | 68 122 . 
Ash, white..... |Fraxinus Americana} 113 | 106 153 
Birch, yellow., [Betula lutea,,.... 106 | 98 171 
Elm, rock...ee. |Uims yacemosa ,.,|- 106 | 97 189 
Maple, black... |Acer nigrum ,,..... 93 | 89 135 
Maple, sugar... |Acer saccharum ,,, 1s | 106 138 
| 
Softwoods | 
Cedar, northern | : | 
 white....e-e- jLnuja occidentalis 50 52 47 
Hemlock, eastern'Tsuga canadensis, . 72 | ie, —6T 
Pine, Jacke eae Pinus banksiana, oe | 64 | 13 78 
Pine, Norway... {Pinus resinosa ...| 85 | onl 8h 
Pine, northern | | 
white........ |Pinus strobus...e. 65 | 67 oy, 
Spruce, white.. |Picea glauca se.e. 68 | 70 67 
Tamarack.e..ee. [Larix laricina...!» 8h | 96 | 8 . 


1/ <Abstracted from Tech. Bull. 158, USDA, Comparative Strength Properties 
_ of Woods Grown in the United States, by L. J. Markwardt, 
2/ ‘The strength figures are not percentages but are index numbers. They 

: have no significance other than to give relative position in comparing 
species of wood for any specific use with respect to the several 
properties listed. ; 

3/ Applicable to short columns having a ratio of length to least dimension 
of all (or less) to 1. 


Resistance to decay and cost of timber are treated later in this report. 


‘Specification and Purchase of Timber 


_ Mining timber is almost invariably cut and delivered to the mine by 
local contractors or jobbers. In some instances the cutting is from timber 
lands owned by the mines; in other instances the contractor arranges and pays 
for the stumpage on privately-owned or Government-owned land, Timber is 
generally cut and delivered in the fall and winter, although these operations 
may’ extend throughout the entire year. Where peeling of timber is required, 
this operation is accomplished most easily in the spring. The time of cut,- 
ting has little effect on the strength of timber, provided (and this is im- 
portant) proper storage is provided, 


2268 - 10 - 


Google 


THE , IRON CO. 


Mine Timber Specifications 


CRIBBING TIMBER 


TAMARACK— 

(a) This timber must be straight, sound and green. 
(b) Top diameters—6” to 9”. 

(c) Lengths—5’4”, 10’8” or 16’, as specified. 

(d) No rot of any kind permitted. 

(e) This materia] must be shipped in individual cars. 


STULL TIMBER 


HARD AND SOFT MAPLE, YELLOW BIRCH, TAMARACK AND HEMLOCK— 

(a) This material must be straight, sound and green. 

(b) White Birch, Poplar, Ash, Balm of Gilead, Balsam or Jack Pine will not be accepted. 

(c) No hemlock under 10” tops accepted. 

(d) He oe from 9” to 14”, one 6” sweep in 16’ and 18’ lengths will be permiesible, providing sweep runs from top 
o butt of log. 

(e) un eee from 9” to 14”, one 3” sweep in 8’ and 9’ lengths will be permissible, providing sweep runs from top to 
utt of log. 

(f) Logs containing dry rot, doze, shake, sap rot or hollow butts will not be accepted. 

(g) Knots, burls, limbs, etc., must be trimmed to surface of log. 

(h) In top diameters 9” to 14”, cut all timber in lengths of 9’ and 18’, unless otherwise specified. 

(i) All timber to be scaled inside bark at top end in inches with standard scale rule. 

(j) Not over 20% hemlock accepted. 


LAGGING 
7’ LAGGING— 
(a) 128 cubic feet per cord or by lineal feet. 
(b) Straight, sound, cedar, tamarack and spruce. : 
(c) Round, 3” to 4%” tops, unless otherwise specified, larger than 4%” to be split. Split not less than 2%"x4” nor larger 
than 3”x6” tops. 
(d) Not over 50% split cedar. 


POLES 
9%’ POLES— 
(a) 3%” to 6” tops. 
(b) Must be straight, sound and green tamarack. 
(c) Nothing under 314” tops accepted. 


1” POLES— 

(a) 3%” to 6” tops. 

(b) Must be straight, sound and green tamarack. 
(c) Nothing under 3%” tops accepted. 


GENERAL 


(a) Material not in accordance with above specifications will be rejected. 

(b) Mine scale to govern. 

(c) Cars must be tagged showing shipper, destination and tally on car. As soon as cars are shipped, forward bill of lading to 

IRON CO., MINE TIMBER DEPARTMENT, MICHIGAN.” 

(d) Cars must be loaded to maximum capacity allowed by railroad. When cars are underioaded, shipper pays difference be- 
tween actual and minimum weight. 

(e) Whenever possible to load more than one car within 48 hours and when two or more cars are loaded at one siding and 
taken out by train crew, all cars to be covered by one bill of lading. 

(f) No payment will be made for timber until bill of lading covering shipment is received by Mine Timber Department. 

(g) Stull timber (9” and up) must be loaded on flat cars. Cribbing timber can be loaded on either flat cars or gondolas. 


FOR FURTHER INFORMATION AND PRICES WRITE THE IRON CO., MINE TIMBER DEPARTMENT, 
MICHIGAN. 


Figure 2. - Mine timber specifications. 
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Specifications as to variety, sizes, imperfections, and other limiting 
conditions are drawn up by the timber-purchasing department for the guidance 
of contractors. Figure oe 30: copy of the timber specifications currently 
| used by éne company. 


' Table 3 lists the sizes of timber purchased by 10 of the mines visited. 
ptorage 
The amount of timber in storage at Lake Superior iron-ore mines ranges 
' from a 2-month to a 2-year supply. Where conditions require the use of green ° 
poles, such as poles used for spiling, frequent deliveries are made and a 


small supply is kept on hand. Where seasoning is necessary, as in timber 
treatment, purchases are ordinarily made 1 to 2 years in advance. 


TABLE 3. - Size of timber purchased 


"FOr sets ene 
ss eles Cribbing 
Mine| Diam. | Length Bian, [Length | Diam: | tenga | Diam. Length 
 & Weve 16" & 7 a ea. 3 & |I0"-12") OF Gt 
| : me oy 
E {Over 12" 8! Sr -i2": ore see” 9! | Average ne & 5* 
4 om | 5.6" 14! | q 6" ! 
PF 5 i Ban kg Oo". 11"Z Qt L6" Qt. Mew di 5'. 
G  pia"-15" ‘ays & re ; g"- -13" 7) | WM6" 15-6 1/2'15 1/2"- 4 1/2" -8' 
ih 7 Eo.” & 8! 7 ajo" 
H O75" | 8! -9' 2. gMn15" | 8! : 35" 16! : 6"-9" Sty" 
ae ey 
T | 8" 1h" | 9! R't_ yh" | gt 496" | Nal do es Oa 5'yr 
i a a | "20" | 3" -12" bo “20? * | eee" PS" & 4 -— - 
ie” ! 
K §"-10" | 10' | 9"-13" 12" S.3bh 1) RP a6* | 72° | 6"7" 6' 
i? om a1i" | 9" | go" -1h" i. oh 3 cf " a6" | 9 1/2' | 6". gm 5" 
M !10"-13" | t ij ya Ne Bes ig e of 13 1 og! 9 1 5! 6". 57h" 


Used for lining sets and repairs. 


Timber received.at the.mine is stored in open yards near the shaft through 
which it is to be lowered into the mine. Timber skids are usually provided, 
and timber is closely piled on these. If the timber is used within a short 
time,.this practice may‘not be too undesirable, but if it is allowed to re- 
Main in this condition for an extended period, deterioration will reduce the 
serviceable life appreciably. Some improvement in storage conditions could 
be effected at Lake Superior iron-ore mines. 


Good. storage .facilities require the timber yard to:be on a well-drained 
location, preferable on a gentle slope. Ditches should be provided to deflect 
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heavy run-off surface waters from the site. The ground should be free from 
debris and decaying organic material, Weeds should be cut or kept down 
with a covering of crushed rock or cinders. Timber should be piled on skids 
to keep it well off the ground, and the piles should be open so air can 
circulate around each stick. is can be best accomplished by using cross 
pieces between each layer. 


Framing 


The practice of framing timbers on the surface or at the face in the 
underground workings is about equally divided. Each practice has its 
advantages. Where sets are framed on the surfacc, a better selection of 
the stronger pieces to be used as caps is possible. Culls may also be 
sorted out, whereas if the three picces constituting a set are delivered to 
a mining face, and one is defective, in all probability it will be put into 
place. Some companies prohibit the use of cortain varieties of wood as caps, 
but will permit the same variety. to be used as a post. This is more easily 
and correctly determined on the surface by men more familiar with timber .- 
than the average miner. In addition, a-better job of framing will be done 
by experienced timbermen. Where framing is..dono at the working face, this . 
operation will not, in most.cases, prevent the men from accomplishing their 
daily task of drilling, blasting, scraping, and timboring one sct. 


At some mines framing is done on the surface under contract on a basis 
of a unit price per piece. Other mines require a minimm number of pieces 
to be framed by two men each shift. Framing under contract requires con- 
siderable inspection to prevent slipshod work. | 


Caps and posts are framed with hand tools - in most cases a crosscut 
saw and ax, or adz. One mine uses a two-man, chain-type portable power saw 
to make the crosscuts, finighing the framing with an adz. It was observed 
that use of this saw made the men inclined to cut the joggles or daps too 
deep. The use of elaborate framing equipment, such as that used to frame 
square-set timbers, is not practiced, because of the additional labor of 
kandling. | 


Posts and caps are framed in several designs, as illustrated in figure 
3. In some instances (A) the posts are cut square, all the bevel being on 
the cape tn others (B) the posts are cut on a bevel and the cap joggle . 
framed out parallel to the length. In still other instances (C), the bevel 
is divided between the vost and the cap. Where considerable batter is 
required on a post, the strength of the cap is reduced if all the bevel is 
cut on it, and the best practice is to cut the post on a bevel. 


One mine does not cut a joggle on the posts (D). Under ordinary cir- 
cumstances this practice may not be undesirable; but if the load on such a 
set approaches the ultimate strength of the timber, initial failure will 
be a splitting of the cap at the base of the joggle. Similar failure has 
been observed where framing was careless, leaving a space between the 
bottom of the cap and the joggle in the post. One mine uses a template 
as a guide for the timber framers in cutting the proper angle on the posts. 
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Figure 3. - Mine timber framing details. 
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Batter on the posts varies according to ground conditions and the | 
severity. of side pressure. In the relatively shallow Minnesota mines there 
is little side pressure and posts are set from vertical to a batter of l2 
inches in an 8-foot post. In one mine on the Gogebic range in Michigan, 
where side pressure is severe, a batter of 3-1/2 feet may be necessary. 


Cribbing is practically always framed on the surface. . Several mines 
use power saws in conjunction with an adz or an ax to do this job. At one 
mine a special cribbing saw has been developed. Two parallel rip saws, set 
at the proper interval, slice back the rounded edges of the cribbing, leav- 
ing a tenon in the centocr. Two crosscut saws, operating on vertical slides, 
cut off the rounded edges at the bottom of the tenon, completing the framing. 
This saw is illustrated in figure 5. Other mines use a standard table saw 7 
to make the crosscut and complete the framing with an ax. Tho two types of 
framing cribbing are illustrated in figure 3 (E and F). 


Ladders usually are made in the surface carpenter shop. Runners are 
commonly 2- by 4-inch or 2- by 6-inch solect spruce, hemlock, fir, or 7 
tamarack, The lengths ordinarily used are 8,12, and 16 feet, the latter 
being cut in half to mke two 8-foot lengths.’ The rugs are most frequently 
made of 3/4-inch iron, but they may be 5/8- or 7/8-inch iron. One company ~ 
uses 1-1/2-inch oak rungs. Distance betwecn rungs is either 10 or le inches, 
and the space between runners ranges from 10 to 12 inches. Construction of 
ladders and methods of mounting aro illustrated in figure 4. Where power | 
tools and complete shop facilities are available, 2 men can make as many. as 
36 ladders in 1 shift. ; 


- Transportation and Handling . 


Timber yards genorally are located at a convenient point near the shaft 
with a sufficient distance intervening to minimize the hazard to underground 
workings from fire and smoke. Timbor may be transported from the yard to 
the shaft in several ways. Where the shaft cage is large enough to accom- 
modate mining timbers in a horizontal position, the mine track is extended 
to the yard and timbers are loaded directly on mine timber trucks, This is 
the usual practice at Lake Superior district mincs, If the shaft cage is 
small, requiring tho timber to be placed upright’ on it, transportation from 
the yard to the shaft may be by sléd, wagon, or autotruck. One mine (K) 
with a small cage chains the timbers to a regular mine-timber truck and up- 
ends the truck on the cage by.use of a slusher hoist, 


A number of mines provide “timber tunnels" from the yard to the shaft. 
These aro usually a combination of snow shed and tunnol connecting with the 
shaft at a point just below the collar. They are provided because of snow 
conditions and severe winter weather. In the timber yard the track level 
of the "tunnol” is far onough below the ground level to allow timbers to be 
rolled onto, rather than lifted on the trucks. | ) 


One mine uses a portable timbor loader in the yard. It consists of a 
small derrick and slusher hoist mounted on a truck, illustrated in figuro 4. 
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while timber is being lowered into the shaft, one crew loads the cage 
at the surface and another removes the tinber on the Jevel.. _ No. One 1s. 
allowed . to. ride the cage with. timber, re eer 

In shallow tines on the ‘Mesabi range ‘in igneesea a eeseeaatl timber 
shaft ts “Sometimes provided. This is usually a one-compartment shaft, 
timbered ‘and lined with plank, Timber is Aowered in chained bundles. by . 
hoist | on. the surfaces - . ss : oy 


‘The ‘atnount of. timber stored underground ig limited by. avai'tabte space e 
and resulting fire. hazard, Usually a l- to 2-day supply. is stored under- - 
ground, mostly, in the individual working places, or en route. Some mines ” 
have shaft ‘stations large enough to accommodate a number.of loaded tizber °— 
trucks; one: mine provides a special timber crosscut off the shaft: for stor- - 
ing the trucks, . In other mines the timber is hauled directly to ‘the, eo: working 
faces. : 

Although timber. storago. on a. main level is not a desirable practice, See 
this may, in some instances, ‘be impossible to avoid. Figure 7 illustretes 
a convenient method of piling poles and lagging between uprights and the’ 
drift. posta, | Caps” and posts are piled on the opposite eave of the drift. on . 
cross: ‘timbers, | Sea | : 


Somes mines’ provide’ an intermodiate timber sublevel ncteeen: the: main. . 
levels. .. . The. timber sublevel may connect with the main shaft, or. timber my 
be lowered to it through an incline. This practice separates timber-handling 
and ore-haulage activities and provides additional storage room, A further 
advantage is reduction of the oe ameter ee mist be hoisted or 
lowered, omens 


| ‘Tinber is hoisted’ or lowered from the main level | or: timber ‘gublevel to,, | 
the working ‘sub by air or cloctric-powered tinber hoists: » or by using the, a 
slushor hoist. <A timber "boat" or "basket" is’ frequently provided, but = 
slings and. half -hitches are sometimes used. Timber. hoists: are commonly” 
located at. the topa of raises to’ avoid a return cable in the FAtE0s. which . 
may cause ‘trouble with ‘the load. “being hoisted. | - ; 


“the raiges ‘through. which' timber is handled usually. ‘are lined with ante: 
to provide a smooth surface for the load to slide on, ‘A door covering the’ 
raise is ‘commonly installed ‘at each working level. — As a further precaution, : 
some mines install safety Rates at rogular intervals. These are made of -. — 
small poles and are hinged on the hanging-wall side of the raise. Figure 8 
is a yiew looking down a raise showing a_safety gate, The gate is installed 
at a small angle» with the. axis of the raise, so that a load of timber being 
hoisted will push the gate open: and will fall. back’ trito place when the load. 
has passed through, The cable can be slid down along the footwall, passing. 
through the slot. in tho gate, for’ the noxt load. Obviously. » Such a gate can- 
not be used in connection with a timber’ boat.- Where timber ‘boats are’ ‘used, 
gates are provided at each sublevel | which mst, be Eee before vauper is 
hoisted and closed, afterward.’ ; 
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Figure 8. - Safety gate in timber-supply raise. 
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Figure 9. - Details of construction and installation of safety 
rails used as forepoles to provide overhead protec- 


tion during timbering. 
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A signaling system between the bottom and top of the timber raise is 
generally provided. It may be a speaking tube, battery or low-voltage’ 
buzzer, flashing light, or air whistle operated ad a pull cord. Audible 
signals are preferred for obvious: reasons. 


Timber is hoisted either by the miners themselves or by timber handlers 
who deliver the timber to the working sub. Usually the slusher hoist is 
used to pull or skid the timber*to the face. 


Red lights are provided to stop haulage trains and warn motormen when 
timber is being hoisted froma main level. No one is allowed to pass under 
raises where timber is being hoisted, and if it becomes necessary to enter 
the raise to free a load, this must be done from above. 


Timber storage near the working face is not desirable from a good- 
housekeeping standpoint; however, a certain amount is unavoidable. Ordi- 
narily; not more than one set is on the working level at one time. | 


Installation 


Accidents from falls of ground occur most frequently when miners are 
exposed to unsupported backs. Thus one of the most hazardous periods of the 
mining cycle is between the time of blasting and installation of the new 
set of timber. To reduce this hazard, most mines require the installation 
of forepoles with cross lagging to provide overhead protection during 
actual installation of every set. The basis of this requirement is sound 
reasoning - if the ground requires timbering, miners should not at any 
time be exposed to unsupported backs. 


_ Forepoles are installed as soon as practical, usually immediately after 
barring down. Barring down isa hazardous task and should be done with a 
bar from under protection of the timber.: Frequently it is necessary to 
scrape out part of the broken material to bar down and place the forepoles. 


Forepoles are commonly 4- to 6-inch green tamarack or maple, 8 to 12 
feet long. They are installed over the last cap and tailed under the pre- 
ceding one or blocked up to the lagging between the sets. Some mines provide 
hitches in the face to receive and support the forepole, which increases 
their carrying power considerably. These hitches may be large auger holes 
drilled from under the protection of the timber. 


' A few mines use 30- to 60-pound steel rails to supplement or replace 
the wood forepoles. Figure 9 shows the construction and use of a special 
set of rails used by one company. Another company reinforces the wood fore- 
poles with two or more 4-inch H-beams instead of rails because of the danger 
that the more brittle rails will snap under sudden pressure. 


At least one company has gone even farther to protect the miners dur- 
ing timbering. In addition to the forepoles and lagging to support the 
back, sidepoles and lagging to support the sides of the opening are required. 
This procedure was incorporated into the safety rules ‘when a study of the 
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accidents due to falls of ground showed that numerous miners were being 
injured by falls frum the sides of workings. Forepoling and sidepoling are 
illustrated in figure 10. | - ba 


In some’ cases, the installation of forepoles may be difficult owing to 
caving of the back immediately after blasting. In this instance it is 
necessary to force or drive the forepoles into position before the broken — 
material is removed, otherwise the back would continue to cave, , Causing 
a large area of rekon ground above the working place. 


A device thet has been successful in forcing onesies civaueh caved 
material is illustrated in figure 11. It is an extra-heavy piece of 6-inch 
pipe about 20 inches long. A 6-inch sheave is mounted in a slot cut in one 
end of the pipe.. The other end receives the forepole, which scats against 
a O- by 3/h- inch piece of iron secured in the pipe at about midsection. The 
slusher hoist provides the power to push the pole into position, using the 
pull rope es indicated in the figure. A double-block arrangement is some- 
times used where more power is required.. 


7 ‘Where ‘it is known that the backs of workings are likely to cave after 
blasting, the time of blasting is arranged so that the installation of fore- 
poles will not be delayed, such as over a week end or over night. 

. At some ‘mines, drifting operations run into difficulty where the material 
is water-saturated and sufficiently soft to" "flow" after blasting, sometimes 
filling the drift for as much as 50 fect. To avoid this situation one mine: 
has, on occasions, placed the forepolcs prior to blasting the round. This is 
accomplished by placing the forepoles in 5-inch holes, drilled with special 
auger steel. Another minc uses 10'or 12 2-1/2-inch iron bers placcd in drill 
holes apound the arch of the working. These procedures are tedious, but in 
difficult ground the eventual time saved warrants the Practice, | 


Once overhead protection is provided, the broken material is senepee 
out and timbering started.” ‘Posts are usually erected by hand, although 
sane mines use the slusher rope and a block to pull them into a standing 
position. Posts may be held, in place temporarily by the slusher rope or by 
a special brace until the angle studdle and lacing pieces © is the eeu ious 
set are placed (fig. 12). 


A staging is usually provided before the cap is lifted into position: 
Many types of stagings are in use. One mine uses metal stage horses which 
are easily and quickly placed and do not rely on attachments to the timbers, 
Others use “bridle poles," illustrated in figure 16, ‘to support the stage 
planks. Still other mines use angle trons or metal straps instead or poles. 
One mine uses a suspended staging, illustrated in figure 13. This arrange- 
ment provides an intermediate resting place when lifting the cap into posi- 
tion. Another mine uses grab chains end hooks on each of the four posts, 
with two 8-foot, 20-pound rails on each side of the. drift to support the 
Stage plants, (fig. 14). 


2268 ee ae 


Google 


*Buysoquy} Buranp uo1z9e}04d apsAosd 0} Bul bbe| 
pue ‘sajodepis ‘sajodeso} Buroejd jo poyzow Bulmoys yozaxS - ‘O] e4nbi4 


—— 


sajodapis 
puiyaq 3u3Ze7 


$3/0daJ0} BDOjUIaJ 0} 
pasn sweaq- Yyoul-p 


$9jOd BuiAued 
$sos2e pedejd suisZe7 


deo 0} ded wo 
pacejd sajod BuiAueg 


$9j}0da10j uO Bui3Ze7 


ITY 


i" 


a8 
mM 


* 
1 


Original fr 


IHIO STATE UNIVER 


THE ¢ 


Digitized by Coc gle 


Figure Il. - Device for driving forepoles, using 
slusher hoist. 


Figure 12. - Temporary brace for holding post in position 
while angle studdle and staging iron are 
placed. 


Digitized by (50% gle THE OHIO STATE UNIVERSITY 


3” X5” angle, 
8’ long 


2-holes every 
4”, back 3’ from 
each end for 
6” spikes 


f F Lagging or plank floor b 


Figure i3. - 


Google 


X 2” strap hook 


“\ 


3” X5” angle | 
lifter | 
i 


2” eyebolt with 
riveted nut 


SA a i et 2’ 6” Sp DBBinc” es 17a 


3”X5” angle 


DETAIL OF HANGER 
FOR STAGE 


> 

MT ® 
| | 
| 


Suspended staging used during timbering. 


Figure I4, - Staging supported by clamps on post. 
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Figure 15. - "Covering down" floor of slice pre- 
paratory to blasting down slice. 
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Stage planks are commonly 3-inch select fir or tamarack, 8 to 12 feet 
long. a te ae , | ae 


Typical blocking ‘and lacing of a set of timber are illustrated. in 
figure 16: The cap is secured to the post by a nailed member, locally 
called a “cousin jack," whitch may be a short length of pole or plank. If 
a plank is used, it is usually 6 or 8 inches wide by 1-1/2 inches thick, and 
the two sprags between the sets at the frame are seated on it. Other sprags 
between the sets may be placed atthe center.of the can, and between the 
posts at various pointse Two nailed members are installed to assist in hold- 
‘ing the set together — the ‘lacing poles at the top of the posts, and the 
bridle pole near the bottoms In some- aeabences these members may be plank. 


The set is blocked to the back and Bike of the he short sprags 
cut from poles or lagging. Angle sprags are usually provided on each post 
to brace the set. If the. back is heavy, sprags on the center’ of the cap 
are avoided, as cae -causes &, peeneenerehes a ne one the 
CAD. 

Lagging may be placed directly on the caps parallel to the drift. This 
practice is common where rails are used as forepoles, because the rails can 
be installed in 4 relatively srail space between 'the lagging. Where wood 
forepoles are used, the lagging is placed across the drift and carried on > 
poles placed on'the caps. This Rp ai a, Spare for installa- 
tion of the BoE pOnoes | | | i - 2 


‘The amount of oe eT asnaide on the seed Sonat etene. ‘Ordinari- 
ly the backs are closely lagged, and the amount aed on the sides varies | 
Widely according to conditions. 


The time required to install, Pisa wits a set of timber was 
me pontee to be ks to 5 hours. The. average time is about 2 Hours. 


Top-slice and siblevel-cave: methods: of seeeias involve a timber. gob 
under which mining is conducted. To form a tight cover to work under, the 
floors of completed slices are “covered down" with poles, plank, or slabs 
before they .are Blasted down. The nature .of the covering is governed by 
the material in the gob. If fine rock is present, the covering mst be 
tight to prevont dilution of the ore. Frequently 4-inch triangular or 
diamond-mecsh wire is laid on top of plank to assist in holding fine material. 
Where a satisfactory gob, consisting mostly of timber, is present, the 
covering may be 4- .to 6-inch poles spaced at.cqual intervals, Poles are 
renee eee to cross puree — may. be ce avoid eer 

fig. 15 


Raises in Take eeeten iven=cn6 mines aigientie: are “eribbed,: ‘cribbing 
is installed with not. more than 1 or 2 inches between the rows, Ordinari- 
ly two sets of single cribbing are used to make a double-compartment raise. — 
Cribbing is installed without nailing, except for the last row or two before 
a cut is blasted, Cedar lagging is used to block the cribbing to the sides 
of the opening. a a a : = % 

» 
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Cribbed raises are sometimes completely lined with Hardwood ‘plank af 7 
they are to be used as ore passes and planked on the bottom and part way up 
the side if used as a supply raise. Lining may be double plank; and if 
abrasion is severe, it may be reinforced With. strips:of shéot metal; - Lining 
planks may have-holes ia to receive ‘the: ee tie aera if the hard- 
wood. aa are Te. 

-Fatlure: cu Repair ‘ 


The a6. most common causes of es tinbor enaiRe: are . ase and- pressure. 
In general, timber failure in main’ levels and’ workings: of a more or less 
permanent nature is due largcly to decay. -In' working slices where the loads 
on timbers are relatively great, failure is due mostly to pressure, although 
decay may be a 1 contributing Cause. . - re. . ae 

‘The rate of decay of tinber ‘depends on thé’ anbunt of weiabe: tempera- 
ture, ventilation, character of wood, and kind of fungus. Warm, humid at- 
mospheres, which are common to most mines, favor rapid decay and: subsequent 
failure. Good ventilation reduces the temperature and pumiaety: and thus’ 
retards ey and lords . 8 . - 


Because of vary ing’ conditions and factors, 'y at is ‘tiiposaable t to compare 
the decay resistance. of the various species. of timber used in’ mining with | 
any degree. of accuracy; in general, cedar has the highest’ resistance 0" 
decay. The reason for its wide use as lagging in contact with the ground: 1s 
obvious. Tamarack, although classed as having an intermediate resistance, 
is superior to the other variotics used in local mines. For this reason it 
is preferred for, main levels, cribbed raises, and. othor main workings. 
Other species have approximately ‘the same resistance to decay, ‘being’ classed 
between the “intermediate” and “nondurable” groups. — 


Under conditions of use in Lake Superior district mines, , ‘the average 
life of tamarack is estimated to be 4 years. A few mincs report the life 
of tamarack to be as mich as 10 years. Other we used is oan to 
have an average life of 2 yeerse foe - | 

When timber. shows evidence of weight and approaching failure » it mst 
be reinforced with props, lining sets, or timber erlbe » or the timber mst 
be replaced, if the place is to be kept open. _ 


Props are additional posts placed under the cap, ieeesays near the 
regular posts, »dut they may be under the center of the cap. “Frequently } 
reguler system of propping is followed, and props are set according to rule. 
For instance, in long slices the first timbers installed are almost sure to 
be heavily loaded as the gob settles down on them. Props placed before an 
appreciable amount of settling occurs are installed more easily and effec- 
tively. In this respect » time beconés an. element of ground. ‘supports Figure 
17 illustrates propping where back pressure = cara 2 | 


Additional caps and posts placed between the regular’ sets are called 
"lining sets", Thoy are commonly used to reinforce miin-level ‘timbering, 
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Figure 17. - Timbering in a top slice, showing 
method of placing posts where 
pressure is severe. 


Figure 18. - Timber crib in top slice for support 
of heavy ground. 
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because they maintain the clearance. In heavy ground several lining sets 
may be placed between each two sets, until the timbers are skin to skin. 
Further repairs must then be replacement of the original timbers. This is 
slow and tedious work. ~Old timbers must be cut out and room made for the 
new. Loose rock, as well as the need for maintaining traffic, usually 
complicates the work. The time required to replace’ a set ranges from 3-6 
16 man-hours. Lining sets are usually erected in an hour by two men, if — 
placed in time. ae 

Cribs’ are used where weight is so severe that the place cannot be sup- 
ported by conventional timbering. The cribs are usually constructed of cull 
or salvaged timber laid in atternately crossed layers. They are one of the 
most effective means of artificial support for heavy ground. Their princi-. 
pal use in this district is on sublevels at top-slice mines, to support the 
gob in the vicinity of the raise as'mining on the particular sub approaches 
completion. The cribs are frequently placed in the openings of completed 
Slices, or they may occupy half of a drift opening (fig. 18). 


Cribbed raises require repair when the amount of material passed 
through wears out the lining or when the life of the raise exceeds the life 
of the timber. For raise repairing, it is a common practice to provide 
some form of a movable platform which fills most of the compartment. These 
platforms are usually attached to the ladder. A special steel. ladder is in- 
Stalled and used for raise repair. Figure 19 shows such a madder. and a 
safety platform used for raise repair. © 


If the cribbing itself requires replacement, this is commonly done by 
Starting at the bottom and working upward. If the cribbing has decayed or 
has been worn to a point where it will not support itself, such a procedure- 
would be dangerous, and it is necessary to start from the top and work down- 
ward. A short section is repaired at a time, building the cribbing up on 
bearers placed across the \raise. In some instances, in order to prolong the 
life of the raise for a short time, a single row of cribbing is replaced at 
definite intervals to which the ake lining plank can be nailed. 


Preservation 


The preservation of mining timber has been, practiced to a limited ex- 
tent in the Lake Superior district for the past 20 years, On the basts of 
this experience, a reasonable estimate of the average life of treated mining 
timbers is 12 to'15 years. Comparing this with an average life of less than 
> years for untreated timbers, it is surprising that wood preservation is 
not practiced more widely. It is believed that too little attention is 
being paid to the known methods of prolonging the life of mining timber, such 
as proper storage, peeling, seasoning, and impregnation with a wood preserva- 
tive. 

Three plants for treating mining timber are now in operation in the 
district. A generalized description follows: 
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Timber that is to be treated is usually cut and peeled in the spring, 
when the latter operation is most easily accomplished. Timber is then 
hauled to the mine, where it is allowed to season for 3 mcnths to 1 year. 
Proper piling during this period to allow free circulation cf air assists 
the seasoning process and retards the start of decay. Seasoning is 
necessary because the preservative cannot penetrate wet or green wood that 
is already full of water. Seasoning alsc produces checks on the surface of 
the logs which are avenues for the penetration of the preservative. 


Timber may be frafted before or after seasoning, but it should not be 
cut after treatment, because this would expose untreated surfaces. 


Chromated zinc chloride (CZC) is the preservative commonly used. It 
contains approximately 18-1/2 percent of sodium dichromate, the remainder 
being zinc chloride. This is a relatively new preservative which has largely 
replaced the zinc chloride formerly used. 


For sake of simplicity and eccnomy, a nonpressure process, known as the 
hot- and cold-bath process, is used. It is the most effective of the non- 
pressure processes. Timbcr is soaked in hot water (about 210°) for le hours, 
during which time the air and moisture in the wood expand, and some of it is 
forced out, The timber is. then immediately placed in a cold bath of 10 to 
12 percent chromated zinc chloride. As cooling takes place, the air and 
water vapor in the wood contract, forming a partial vacuum which draws the 
preservative into the wood. About. 3/4 to 1 pound of CZC is consumed per cubic 
foot of wood, and the penetration varies from 1/2 to 1-1/2 inches. 


For ease in handling timber during the treatmont, it is placed in racks 
or baskets holding about 12 caps or posts. A monorail crane or derrick is 
provided for lifting the racks. Tanks are large enough to hold either one 
or two racks of timber at one time. In the latter case, the tanks are long 
enough to accommodate 20-foot timber if neccssary. 


The hot tank is heatod by steam coils or by bubbling live steam up 
through the water. The hot tank is insulated, and covers are placed over 
both tanks ° | 


At one mine all timber treatment for the cntire year is done during 
Septembsr, Each cf the tanks hold two baskets of timber. In one day two 
men can troat 50 pieces and frame 35 picces. The following costs are reported: 


Cost of timbor - 15¢ per linear foot. 
Framing - 1 to 3¢ per linear foot, 

Peeling (on contract) - 3¢ per linear foot. 
Treatment - 4-1/2¢ per linear foot. 


The same mine reports the cost of an untreated set of timbers, in place, 
to be $13.50 against a cost of $15.00 for treated timber. 
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Another mine using Larger tinbor. ‘reported-the following: 


Cost of one 8-foot, piece cinbens 16 inches in diameter. to, 25 
Cost of chroratod zinc chloride uscd .wescccccccercccces 010 
Cost of labor, coal, and other Atoms.cyescccncceenccees +82 
Cost of BOS Utes os ocahen nace a cena oben cenneaes 8 


_In this. instance the treatment almost’ doubles the cost of the timber. 
However, considering that transportation and cost of installing the timber 
will be the samo,in either Case, the mene ia using treated. timber is 
obvious. | 


Steel and Concrete 


The use of steel and concrete for the support of ground in shafts, 
shaft stations, pump rooms, and drifts of a semipermanent character is in- 
creasing. Stecl lasts longer than timber, requircd less labor to install, 
and does not constitute a fire hazard, Less excavation is required for 
steel. supports. On the othcr. hand, atcel is not always satisfactory for 
heavy or moving ground, it cannot be so readily cut and fitted underground, 
and the first cost is high, However, there is a definite over-all advantage 
in the use of stccl, whcre conditions do not preclude its use. 


The use of steel for shaft sots has becn a standard practice in the 
Lake Superior disprict for many years. A few of the older shafts are 
supported entirely with woods ‘The first shafts supported with steel sets 
commonly had wood leth, Table 4 lists general information regarding six 
shafts in the district that are relatively new or recent. 


The trend in shaft ee is toward eliminating all wood to reduce the 
fire hazard. Previously wood lath was commonly used with steel* sets, but - 
recent practice is toward the use of heavy galvanized, stainless or rustless 
corrugated iron, or reinforced concrete lath. The wocd used to block the 
shaft sets is being replaced by concrete. In some instances, steel sets 
are concreted around the full perimeter with a beveled pour to the shaft 
walls. In other shafts, cement sacks about half full of high-strength wet 
concrete are puddled’or jammed into place behind the sets.” This procedure 
is said to recuce shaft maintenance considerably. 


The stcel section most popular for shaft. sets is a 6-inch H-bean, 
Vertical sheft studdles are commonly angle irons. Bearer sets usually are 
lée-inch I-beams, concreted into hitches in the walls. 


Shaft etations and edn paunEss drifts are frequently supported with 
steel sets. Typical sections used are 4-, 5+, and 6-inch H-beams and 8- 
and 12-inch I-beams, Occasionally 30- to 80-pound steel rail is used, In 
a few instances, the use of 6- and 8-inch iron pipe was observed. 


The selection of the proper size of steel for a given service is based 
on the strength of a steel section equivalent to that of a timber which 
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experience has indicated necessary for that job. 


On this basis, one Company 


uses an 8-inch I-beam where a 8-foot 16-inch timber would be -used as a cap, 
The steel post required to carry such a load could be. a 4-inch H-beam, 
provided there is no Sree PEOe ra oe: 


.- _. TABLE "a - General information. on shart tasbering 
| Dimensions ; | 
; ‘joutsi{de. ef: Studdles — 
steal -- +l (‘section)| (section <ing| Bearers 
6" 23,88 |2-1/2" x (iRein- 6' |\|Cement |Heavy I- 
H-beams. 3-1/2" x forced : sacks of |beams par- 
1/e" con- wet con-;allel to 
angles. Erotes crete. |plates. 
a, i ae 
6" WF 25416"x6"%1/o" No. 14 7%! iCement. |12-inch: I- 
H-beams jangles and jgage _ | sacks. of: }béams at 
3-1/2" x  ‘corru- wet con-{160" in- 
3-1/2"x1/o"gated |crete, |tervals. 
angles. © Rohs as 
11' x 18' * |6" g- L"xh"x35/8" 13" fir 8' Wood 22" J." 
beams. angles. plank. blocks beams at 
, and  $}100'-in- 
- . wedges. jtervals, 
LU eS Toe Ta Oren /e*. 5" fir | 6' |Wood ~-410-inch 
15'10-1/2" |beams. 6” |angles ‘lplank. blocks* - |I-beams. 
| 14.75# I-}:: i | and). ee 
* |beams for if wedges. 
dividers. 
12'h-1/2" ¥{6" 20¢ H-|6"x6"x1/o" |3" fir - 6'. |Wood -. 41-inch I- 
15'6-1/4" |beams..-; Jangles. ‘plank. | blocks « /beams at: 
i =~ es | | ie RE? and. -.° 4150" in- 
=~ =i | - wedges |tervals, 
13'1-3/8" x/6" 234 H-|3"x5"%3/8" jo" hard 8" Wood - {12-inch I- 
21'1-1/2" |deams. angles. = |wood. | blocks © |beams at 
ae. | and {150' in- 
‘ | ges... |jtervals. 


Figure 20 shows the support of: ground on a main haulageway at one mine, 
by steel sets fabricated in the local mine shop. - 


Steai ahs can be installed in about half:the time required for a con-- 
-ventional timber set. One disadvantage is that stcel sets cannot be installed 
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Figure 20. - Steel sets used for support on main 
level. 


Figure 21. - Aluminum ladder, 3-piece extension, used for 
barring down in open stopes. 
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close to a blast, without serious damage to the members. To overcome this, 
one company timbers places with conventional wood sets as a drift is advanced, 
and replaces them with steel sets at a later time. The steel sets are placed 
alongside the timber, catching up the lagging already in place. Wood posts 
and caps are then removed. : 


Barring Down 
Failure to test overhanging ground adequately and to remove loose 
material is responsible for numerous fall-of-ground accidents. Other ac- 
cidents occur during the actual barring down because of failure to use 
proper tools, or because of unsafe methods in the conduct of the work. 


The following rules for testing and barring are quoted from Miners' 
Circular 41 (p. 10): 


1. Usea straight, ‘sharp bar of pECRee length. 


2. Obtain secure footing on such a position chat falling pect ari ie not 
roll toward you. 


ce Begin Seiee from a safe place, and make the back safe hepene aa 
vancing under it. 


4. Guard against rocks sliding down the bar, and keep your end of 
the bar away from the body, so that a suddenly dislodged rock cannon drive 
it toward you. 


pr When prying, raise up on the bar instead of Buenas down. 


6. Test all apparently loose naterial, whether or not it was tested 
on the previous day. 


7. If rock sounds loose but cannot be barred down, support it with 
timber or blast it down. 


8. Allow no one to pass under dangerous or "drummy" ground before it 
has been made safe, and warn all newcomers of unsafe conditions. | 


9. Use particular caution where there are slips, a "change of ground”, 
or water seepage. 


10. Test the back frequently while drilling. © 

‘11. Test all suspicious-looking rock or ground. Loose rock may or may 
not produce a "drummy" or hollow sound; if it does not, sometimes vibrations 
may be felt with the fingers or with additional rod or bar held against the 
questionable rock, while tapping it with a bar or rod. 


l2. Keep the muck pile well-sloped, and bar down any boulders that may 
be lodged at the top of the slope. 


2268 203 < 


Google 


Ie Ce 7459 


Bars used for trimming loose ground are usually made of solid steel 1/2 
to 1 inch in diameter in lengths of 5 to 8 feet. Longer bars are made of 
pipe with a solid stcel point to reduce the weight. Good practice prohibits 
bars with points on each end for obvious reasons. A fcw mines specify the 
lcngth of bar to be used in a particular operatiorl, and the use of a pick for 
removing loose ground is ero ecundeass 


in drifts and mining slices — loose eas mist be barred down prior 
to installation of forepoles, the job is particularly hazardous and requires 
extrome care, Safe practice requires that barring be done from under the 
protection of the existing timbor, but too frequently mincrs expose themselves 
to an unsupported back and romove the loose meterial with apick. Frequent 
accidents are evidence that the practice 1s unsafe. 


In open stopes where the backs ere high, barring down is difficult and 
hazardous, Long ladders are uscd, and only oxpert barmen are assigned to 
this work. One company uses a 3- nicee alurinum ladder which can be extended 
to a height of 60 feet. It is equipped with two aluminum braces and can be 
easily set up by two men (fig. 21). Stopes are barred down as frequently as 
inspection showa necessary. <A portable high-powered floodlight is used dur- 
ing the inspection, 


SAFETY RULES PERTAINING TO GROUND SUPPORT’ 


The most effective method of preventing accidents due to falls of ground 
is the establishment of safe procedures for conduct of the work and close 
supervision to see that they are followed. Safety rules are based on past 
experience, usually unfortunate and disastrous experience in which miners 
were injured or lost their lives. Unfortunately, too many remedial measures 
are taken after lives have been lost. The following safety rules are quoted, 
to assist others to profit by the experience on which they were based. 


COMPANY X 
Mining 
General 


1. All necessary precautions shall be taken to insure the safety of 
the timbering in a mine, 


e. Sets of timber shall be securely laced when erected. 

3. Forepoles reinforced with two or more H-beams, minimm size 4-inch, 
orl0-lb. to the foot, shall be used betweer the last set of timber and the 
heading when there ts ore or rock in the back. | 

4, Wherever possible gin poles or sprags shall be Kee between cap of 
last set of timbor and the breast until the succeeding set has been Bocune!y 
blocked and spragged. 
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5» Not less than two sound poles shall be used to support the sides of 
an advancing ore drift or slice. 


6. Only sound fir or tamarack planks not less than 3 inches thick and 
8 inches wide shall. be used for staging when lifting caps.’ 


P Bridle or Bedee ‘aclée shall be of sound tamarack not less than 3 
inchos in diameter at the small end, ‘These bridles shall be supported at 
both ends and in the middlo by studdles, not less than 3 inches in diameter 
at the small end. The cnds of the studdles shall be cut to furnish maximm 
support, otherwise bridles of angle iron 3 by 3 by 1/4 inch shall be used, 
and these shall be supported by not less than two studdles placed at each 
end. 


8, Where two slices are open, one slice shall be blasted Abin beeen 
a third slice is started. 


9. Every centract shall be provided with a ladder about 8 feet in 
length to’ be used for handling head blocks end for cleaning loose ground 
from caps, pacoee or back. 


10. Timber and rope hooks of approved patterns shall be wdcd ty all 
men landing timber at the bep of raiscs. 


ll. A bar at least 7 feet long, to be used for trimming loose ground, 
shall be furnished each contract, | 


Timbering 


1. Timber scts on sublevels shall not be placed more than 6 foot: ‘from 
center to centcr. 


2. Legs of timber scts may have batter cof not more than 2- 1/2 inches 
to the foot, except in ground with heavy side pressure, where it may be in- 
creased to 3-1/2 inches to the foot. 


3, In top slicing, the ‘bottoms of the timber legs of the new slice 
shall be placed within the line of the bottoms of tho legs of the old slice 
so ag to rcduce the speco to a minimun, 


4, In heavy ground no timber under 10 inches in diameter shall be used 
for legs or 12 inches for caps. 


5. Scrapor hoists may be used to hoist caps to the etaging, but- not to 
position on top of the legs, Everyone shall stand in a safe place when 
timber is being hoistcd. . 


6. In pulling timbor with a scraper hoist mon shall stay at awe ten 
feet back of the moving timber, 


* 
{Te White birch, becoch and homlock mst not be used for caps. 
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Stopes | 


1. After blasting in a stope both miners shall return together when in- 
specting it. | , 


2, The back of benches shall be kept trimmed and arched to a height 
that will provide protection and also enough headroom for upright walking. 


— Sublevel Caving 


il. When iieeiae, back holes shall be kept as ncer horizontal as pos- 
sible so as not to weaken tho back. 


2. Drilling of blast holes shall be done only from under protective 
covering. 


Top Slicing 
Sublevel Interval | 


1. The maximm vertical interval botweon sublevols using 8-foot legs 
and caps shall be 11 feet and on sublevels using 9-foot ee with b- or. 9- 
foot caps shall be 12 feet. 


e. The interval shall be timbored so that the mat can be ceught up 
from the caps of the sets on the opcrating sublovel. —— 


3. Where there is an unusually gocd mat duo to a number of sublevels 
coming vertically under cach other, the interval, with consent of the 
superintendent and approval of the maneger, my be increased to ovor l2 fcet, 
but the length of legs shall also bo increased by the samc amount. : 


Covering Down 


le Only jeune poles 5-1/2 to 6 inches in diamoter, plank or slabs not 
less than 2 inches in thickness shall be used as covering. Not less .than 
two crosspoles, and preferably threc, shall be used under the covering, which 
must be spiked to the two ond crosspoles. Whoro necessary wire fencing of 
an approved type shall be used on top of the covering. 


e. In territory with a good timber mat, the covering shall be laid 
lengthwise of the drift cn top of the crosspolos to which they mst be spiked. 


3. Adjacent to dikes and areas of jasper, the covoring shall be laid 
close together and extend tight egainst the breast, Each length of covering 
shall sidolap for half of its length and on curves overlap at least 12 | 
inches. Wire fencing shall be laid on top of the covering and additional 
poles, lagging or old timber laid on top of the netting to build a mat 
quickly. If the ground in the back does not cave, it shall be blasted for 
filling after having covered down in the above manner. Only sound planks, 
slabs or noles shall be used as covering. . ae 
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Wire Fencing 


1. When placing wire fencing, it shall be laid lengthwise in the drift 
and fastened with staples to the covering. .Oné section of the fencing shall 
extend up on the legs at the side of the drift far enough to permit bending 
down or cutting at the legs to cover between slices. 


Recovering of Pillars 


1. If a pillar Ls left on a sublevel its. locations shall be shown and 
labeled on the maps of the sublevel below and furnished the captains and 
bosseS.e 


2. In case of a pillar left on the sublevel above, the first drift on 
a new sublevel shall be driven under it where practical. 


COMPANY Y 


Mining and Timbering 


Stoping 


1. Stopes which have given a warning of weakness must be . inspected fre- 
quently by the foremen. ae 


Trimming down 


. Ll. Special care must be given to trimming down back and sides of all 
openings, particularly after each blast. 


2. Rock drifts should be inspected frequently and all loose and crum- 
bling material removed from sides ene back. | 


3. When bad - pieces of loose noun are found, they shall be taken down 
at once and not left for the other shift. 


4, No one shall work under any ground which cannot be reached with a 
trimming bar. : 


pr Benches shall be examined for loose ground, .cross fracturing and 
Slabbing underneath. 


6. Every precaution should be taken around top of mills which have hung 
up and do not show location of raise. | 


Retimbering 


1. The back of retimbering jobs shall be made secure so there will be 
no danger of ground falling on workmen passing underneath. 


2. While Yetimbering over live circuit, trolley wire shall be covered 
.by a piece of split rubber hose or rubber safety shield. 
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Timbering in Soft Ground 


a Whenever timber is being used, the miners mst be required to secure 
the roof of working place by Poresolibe. Props and head boards should be 
used where poles cannot -be inserted, _ 7 


otagings 


Ll. Staging planks not less than 2 inches in thickness mst be used in 
all cases where staging is necessary. 


Traveling Ways 
1. Traveling ways to be-kept free of drills, pipes,-timber, etc. 


Tool Slides 
1. Tool slides shall be provided where practicable. 
Safety Belts 


| 1. Safety belts mst be worn while drilling-on benches in stopes and 
also while rigging or taking dewn drilling equipment on narrow benches. 


2. Safety belts shall be checked monthly. 


COMPANY Z 


Raising 


1. All raises over 25 feet in height, while under construction, shall 
have at least two compartments, one a "eervice compartment" for ladders, 
piping, service cage, etc., and one a "chute compartment" for broken material. 


2, When men are working at the top of a raise or blasting, the service 
compartment shall be covered on the top of the last set of cribbing or stage 
poles, or at a reasonable distance below. The covor shall consist of at 
least a single course of 6-inch cribbing or 3-inch plank and shall serve 
as a working platform whon men are at the top of the raise. A second. plat- 
' form shall be installed not more than 6 feet below the cover to serve as a 
safety platform. 


3. Ladders shall be installed in the service compartment to the working 
platform as the raise progresses. 


4, Inclined raises having continuous ladders shall have sollars not _ 
more than 25 feet apart. Vertical raises shall have staggered or offset 
ladders, supported on sollars not more than 15 feet apart. 
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5. vJust below the raise cover an opening shall be provided in the parti- 
tion between the compartments to permit entering the heading after a blast. 


6. A platform made of sound plenk 2 inches or more in thickness shall be 
placed in the chute compartment opposite the entry through the partition. The 
platform shall be supported on stago poles or cribbing, and kept in place 
while mon are working at the top of the raise. 


7 All cross poles used for staging mst be inspected after each blast 
and made secure before using. 


8, Men working in a raise below the staging mst wear safety belts at 
all times, ; 


9. When a raiso reaches a hcight of 50 fect, a suitable signaling dcvice 
shall be provided, | 


Single Compartment Uncribbed Raiscs 


1. Cross poles not less than 5 inches in diameter shall be placed mid- 
way in the raise at about 2-foot intervals, to support a temporary partition 
with which to divide the raise into two compartments--one a service and the 
other a chute compartment--each approximately 2-1/2 by 4 feet in size. The 
partition shall be made of plank or boards not less than 1 inch thick. 


2. Cross poles, partition, and ladder are to be installed as the raise 
progresses. The partition should never be more than 8 feet below the top 
set of cross poles, | 


CONCLUSIONS 


Although progress has been made in the reduction of accidents due to 
falls of ground in the Lake Superior district, the continued occurrence of 
such accidents shows that the problem is still a vital one. Too frequently 
men are injured or lives are lost in accidents involving violation of safe 
practices that are well known to both employees and supervisors. Such ac- 
cidents are due to man failure and not to unsafe working conditions. It is 
the human elemont that is responsible for the bulk of the accidents. 


Effective mothods of ground support are well-known, Safe practices, 
Which are a result of years of experience, are outlined in safety rules. It 
remains for well-directed safety programs to educate the miners until these 
common-sense precautions are taken as a matter of course. Whon safety be- 
comes a habit, the human element in accidents, as well as the accidents 
themsclves, will be further reduced. 
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